ABSTRACT Based on the LaSalle invariant principle of stochastic differential equations and the graph theory, several sufficient conditions are obtained by adaptive feedback control and impulsive control. The error dynamical system is globally almost surely asymptotically stable. The conclusion is new and feasible. Finally, an example is given to show the validity of the results.
I. INTRODUCTION
Complex network systems exist widely in nature and human society. For brain neural networks: the human brain consists of about 10 12 neurons, each of which is connected to about 10 2 ∼ 10 4 other neurons. It is a large and complex neural network. Those networks exist in other fields, such as highway network, railway network, power supply network etc.
In mathematics, vertices and directed arcs are the basic components of digraph [1] , [2] . For any vertex, the local dynamic behaviors can be described by some differential equations. For the convenience of discussion, it is often called a vertex system.
kh (x ki (t),x hi (t)) dt, x ki (s) = ϕ ki (s), s ∈ [−τ, 0].
(1)
Where t ≥ t 0 and k ∈ L = {1, 2, · · · , l}, i ∈ N = {1, 2, · · · , n}, f (x ki (t)) : R m i → R m i is the i-th subsystem in the k-th group.x ki (t) = (x ki 1 (t),x ki 2 (t), · · · ,x ki m i (t)) T ∈ R m i represents the performance and state of the k-th group. kh (x ki (t),x hi (t)) is the i-th coupled component from the h-th group to the k-th group. We also assume that f ki (0, t) ≡ 0, ψ (i) kh (0, 0) ≡ 0. It is well known that the sensitivity of chaotic system in the initial state makes it very critical key to nonlinear research. To make some chaotic systems achieve synchronization, it is an interesting topic. Up to now, many methods for the synchronization of chaotic systems have been discussed. Huang et al. [3] , Lu and Cao [4] , Zhu and Cao [5] , Tang and Fang [6] , Wu and Yang [7] , Wang and Su [8] , and Zhang et al. [9] consider synchronization of the chaotic (hyperchaotic) systems by adaptive control or variable structure control. Agiza and Yassen [10] and Lei et al. [11] study synchronization problem of chaotic systems by active control methods. Based on the coupling control methods, the authors considered the multi group-coupled systems [12] - [15] . Huang et al. [16] , Cui and Lou [17] , Peng et al. [18] , Cheng et al. [19] , Deng et al. [20] , Li and Song [21] , and Zhang et al. [22] consider synchronization of chaotic systems by the impulsive or nonlinear control methods. Many interesting results about chaotic synchronization are obtained, etc.
Coupled systems have been discussed by many researchers in network system. A lot of important issues are summarized in those references [8] - [18] .
However, many systems are often affected by some external interference in real world. Those perturbations are often uncertainty and may be treated to be random.
Example: For example:
, we all know the solution is not stable. But for the Itô equation
In [23] , if a − 1 2 m i=1 b 2 i < 0, the system (2) is stochastically asymptotically stable.
From the above example, we should consider synchronization of complex coupled systems with stochastic perturbations.
The system (1) is called as the drive system. The response(slaver) system is
Where t ≥ t 0 , k ∈ L = {1, 2, · · · , l}, U ki (t) is control component for the i-th subsystem in the k-th group. The random part:
, we can describe the error system:
The structure of the paper is arranged. Firstly, we give some definitions and lemmas in section II. Secondly, some new sufficient conditions are obtained by adaptive feedback and impulsive control in section III. At last, an example and it's simulations are illustrated the effectiveness of those results.
II. PRELIMINARIES
Throughout this paper, let R = (−∞, +∞) and R n is Euclidean space with n-dimensional. Define L = {1, 2, ..., l} and N = {1, 2, ..., n}. Let · be the vectors norm in Euclidean space. |A| = trace(A T A) is trace norm. V (x, t) ∈ C 2,1 (R m ×R + ; R + ) is continuously twice differentiable in x and once in t. Let ( , F, {F t } t≥0 , P) be a complete probability space and it satisfies the usual conditions. E(·) denotes the mathematical expectation.
Secondly, we give some results concern with graph theory. A digraph is G = (L, E), where L denotes a vertex set and E denotes an edge set. Each arc (h, k) which indicates from initial vertex k to terminal vertex h is assigned a weight a kh > 0 in a digraph G. The weight W (G) is the product of all arc weights in a digraph G. A directed path P has its distinct vertices k 1 
It is called a tree if a connected subgraph T contains no cycles. For any pair of distinct vertices, a digraph G is strongly connected if there is only one a directed path from one to the other. A weighted digraph (G, A) is balanced if W (C) = W (−C) for all directed cycles C. −C expresses the reverse of C. If Q expresses the reverse of Q and (G, A) is balanced, then W (Q) = W ( Q).
Proposition: Suppose n ≥ 2. Then
Here T i is the set of all spanning trees T of (G, A). All spanning trees T are rooted at vertex i. Specially, if the digraph is strongly connected, it has c i > 0. Lemma 1: Suppose n ≥ 2. c i is defined by Proposition. Then the equality is established:
is an arbitrary function, Q is the set of all spanning unicyclic graphs of (G, A).
Lemma 2: Suppose n ≥ 2. c i is defined by Proposition. Then the following equation is established:
where G i (x i ) is an arbitrary function.
Remark: The proof of Proposition, Lemma 1-2 can be seen in [23] - [25] .
then the system (1) and (3) can be synchronized.
, an operator LṼ ki is defined as follows:
where
Throughout this paper, some assumptions can be given as follows:
where L is a constant,ũ,ṽ ∈ R n ,ũ =ṽ.
where a
Lemma 3:
This inequality always holds. That is
Lemma 4: Let's consider the impulsive differential inequalities as follows,
where a, p l , q 1l are constants and
Therefore, there are some constantsβ > 1, λ > 0, such that
The Lemma 4 can be seen [9] .
kẽ ki (t), and κ
where θ
is arbitrary positive constant.
Then the system (1) and (3) can be synchronized.
Proof: Let
> 0 is a constant to be determined. Where η
From the error system (4) and Definition 2, we have
From those assumptions (H 1 ) − (H 3 ), we have
So, we have
c ki a
By W (Q i ) ≥ 0, and the condition (i), the weighted digraph (G, A i ) is balanced, without loss of generality,
From Eq.(8), we have
By the LaSalle invariant principle, we know lim t→∞ ELṼ (t) = 0 if and only if lim t→∞ E ẽ ki (t) 2 = 0. Therefore, the drive system and the response system can be synchronized.
Therefore,
in which U ki (t) is an impulsive controller.
According to the above discussion, the error system can be described as 
Therefore, the system (1) and system (3) can be synchronized for any initial value.
Proof: Let
If t = t˜l, the operator LṼ ki along the trajectory of impulsive system (13) yields:
So, we can compute
By the condition (i) of theorem 2, the weighted digraph (G, A i ) is balanced. In general,
From Lemma 1, Lemma 2, we can get
If t = t˜l, we havẽ
by Lemma 4, theñ
whereβ > 1 and λ > 0 are constants. Therefore, the system (1) and system (3) can be synchronized for any initial value.
IV. APPLICATION
Here, an example is given to show the correctness of the conclusion. To avoid complex calculations, we will simply the multi-group coupled models in the following.
Example:
The drive system is
Wherex
Letx 00 (t) = (x 00 1 ,x 00 2 )
kh (x ki −x hi ). The response system is as follows:
Letỹ 00 (t) = (ỹ 00 1 ,ỹ 00 2 )
kh (ỹ ki −ỹ hi ). By (15) and (16),we represent the error system as follows:
.
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Through simple calculations, those conditions (H 1 -H 3 ) hold:
Case I (Adaptive Feedback Control Synchronization):
kẽ ki (t), the feedback strength κ
k ) and the following update law as followsκ
From the Theorem 1, we know the system (15) and the system (16) can be synchronized for any initial value(please see the Fig.1 ). Case II (Delay Nonlinear Impulsive Control):
From the system (17), we can get the error system in the following: 
Supposed t˜l
t˜l +1 −t˜l = 11 − 32 = −22 < 0, From Theorem 2, the system (15) and system (16) can be synchronized for any initial value(Please see the Fig.2 
